ABSTRACT: A DNA fingerprinting technique based on amplified fragment length polymorphism (AFLP) was developed to identify individual bêche-de-mer (Holothuria nobilis) and analyse their growth in the wild. A size comparison of 74 individuals over two 6 mo periods and of 25 individuals over 12 mo showed that 1 kg individuals grew slowly (64 to 128 g annually). Larger holothurians (>1.5 kg) consistently decreased in weight, suggesting a plastic nature of weight in individual holothurians. This technique holds promise for ecological studies and for providing accurate data for the management of holothurians and other invertebrates that are difficult to tag.
Fishery management often relies on mark-recapture techniques to obtain data on growth, migration and stock size. These data are vital to determine the population dynamics and ecology of fished species and to model likely responses of stocks and environment to fishing pressure. In some cases in which animals cannot be tagged, including soft-bodied marine invertebrates, it is difficult to obtain data for the determination of the population dynamic parameters needed for fishery management. Among these species are aspidochirotide holothurians, which are fished throughout the Indo-Pacific region as 'bêche-de-mer' (or 'trepang') for consumption and as an aphrodisiac for the Asian market. In extensive tagging experiments by Conand (1989b,c) , tags were often rejected and recapture rates were generally low. Therefore, the only available growth estimates have been obtained from a small number of individuals, or are based on indirect and imprecise techniques such as polymodal sizefrequency analysis (Shelley 1985 , Conand 1989a , Uthicke 1994 .
The lack of available data is one of the reasons for inadequate management of these species and for the breakdown in most bêche-de-mer fisheries throughout the Indo-Pacific (Conand 2001) , including developed countries such as Australia (Uthicke & Benzie 2000a) . Overfishing and its secondary effect on the environment have been argued to be the primary humaninduced force in changing marine ecosystems (Jackson et al. 2001) . Holothurians have important functions in nutrient remineralisation loops on coral reefs (Uthicke & Klumpp 1998 , Uthicke 2001a , and therefore reduced densities might have important side effects on the reef ecosystem.
Recent developments in PCR-based techniques have allowed the application of genetic techniques to new areas in ecology and management because of the low cost screening of large numbers of minute tissue samples. Several recent publications have reported genetic tagging in 'mark-recapture' experiments to estimate the population size of charismatic marine vertebrate species such as the humpback whale Megaptera novaeangliae (Palsboell et al. 1997) , the pipefish Syngnathus floridae (Jones & Avise 1997) , and the painted turtle Chrysemys picta (Pearse et al. 2001) . All these studies have used microsatellites as genetic markers, but these are often difficult to develop (Parker et al. 1998) . Here, we introduce a method of reidentifying individual holothurians collected in situ using DNA fingerprinting based on amplified fragment length polymorphism (AFLP: Vos et al. 1995) . This method has the advantage that it easily devel-oped, cost-efficient and is useful for individual identification because of to the high number of polymorphic sites (Mueller & Wolfenbarger 1999) . We also present first estimates of growth in the wild of one of the most valuable bêche-de-mer species (Uthicke & Benzie 2000b) . To our knowledge, this is the first study using genetic fingerprinting to measure growth rates.
Methods. Sample techniques: A total of 91 individuals of the high-value bêche-de-mer species Holothuria nobilis ('black teatfish': see comments on its taxonomy in Uthicke & Benzie 2000a) were collected by snorkelling in May 2000 on the reef flats of Davies Reef (18°50.1' S, 147°38.1' E) and Bowl Reef (18°30.2' S, 147°32.8' E), in the central section of the Great Barrier Reef (GBR). The holothurians were brought onboard a research vessel and kept in flowing (60 l) seawater containers. Individuals were weighed using a spring balance (Salter Super Samson, ± 25 g) after a minimum time of 5 min outside the water to minimise the amount of water retained in their respiratory trees. Repeated measurements of 20 individuals showed that the measurements had an average coefficient of variation of 5.8% of the mean. This variation is assumed to have resulted mainly from variation in the amount of seawater retained in the water lungs.
A small tissue biopsy (approximately 1 g) was taken from the ventral epidermis of each individual and preserved in 100% ethanol for later DNA fingerprint analysis. Tissue samples from the first sampling time were snap-frozen in liquid nitrogen and subsequently stored at -70°C. However, later tests showed that amplification success is higher with ethanol preserved samples (see 'Results'). The holothurians were carefully returned to an area on the back reef of Davies Reef that had been previously cleared of all Holothuria nobilis detected during a 2 h search.
In November 2000, approximately 6 mo later, we returned to this area and collected 89 individuals in an area of up to 150 m distance on either side of the release position. These were all individuals encountered during a 6 h search by manta tows. The holothurians were weighed, a tissue sample was taken, and they were released as described above. In May 2001, 1 yr after the initial samples had been obtained, the procedure was repeated a third time, collecting all 81 individuals detected in about 4 h. The exact densities in the sample area were not measured; however, largescale studies of over 20 reefs in the same area of the GBR suggested that densities on unfished reefs are over 20 ind. ha -1 (Uthicke & Benzie 2000a ). DNA fingerprinting: DNA extractions of epidermal holothurian tissue were performed using Quiagen DNeasy extraction kits following the instructions of the manufacturer. However, repeatability of the amplifications was greatly improved by reducing the initial amount of tissue to 10-20 mg, using twice the recommended amount of proteinase, and performing an extra cleaning step using CL 6B (Sepharose™) spincolumns prepared with acid-washed glass beads.
DNA fingerprints from each individual were obtained using the amplified fragment length polymorphism (AFLP) technique following general procedures described by Vos et al. (1995) , with some variations as described by Wilson et al. (2002) . Genomic DNA (100 ng) was digested with EcoRI and MSEI, followed by ligation of respective adapters in a 50 µl reaction volume. 1 µl of these ligations were used directly in 20 µl pre-amplifications using primers with a single selective base. EcoRI-AAG and MseI-CGT were used as selective primers in the second amplification step after initial tests indicated that the combination of 2 × 3 selective bases yielded an appropriate amount of bands with variation. The EcoRI-AAG primer was endlabelled with 33 P, and amplification products were electrophoresed for 2.5 h on a 5% denaturing acrylamide gel, and later visualised through exposure to film (Kodak, BioMax). The primers resulted in approximately 80 bands in the well resolved range between 100 and 480 nucleotides (Fig. 1) . Out of these bands, we chose 31 that were polymorphic and could be reliably scored, as tested by repeated extractions and subsequent amplifications of 20 individuals. The presence or absence of each of these bands was scored for each individual to form a DNA fingerprint. Every individual was scored twice in 2 independent selective amplifications. Several individuals that had distinctly fewer bands than all other individuals were deemed as not successfully amplified and were discarded from further analyses. Based on the frequency of each band, we calculated the probability of identity (P ID , Waits et al. 2001 ) using the conservative formula for high occurrence of siblings and inbreeding.
Growth model: Initial data analyses comparing weights on 1 sample occasion with the weight 6 mo later indicated that commonly used growth functions (e.g. von Bertalanffy, Richards or Tanaka, see Ebert 1999 for details) which assume asymptotic growth or continuous low growth rates of large individuals did not fit the data. Instead, large individuals appeared to shrink in many cases. Therefore we chose Francis' (1995) mark-recapture analogue of Schnute's (1981) growth model to fit the data using a Basic program provided by Ebert (1999) based on the Simplex algorithm. Francis' model is based on 5 parameters. The first 2 (λ 1 and λ 2 ) are arbitrary and chosen by the user to represent individuals from the lower and upper ends of the range of observed sizes; we have chosen 1.0 and 2.5 kg. The third and fourth parameters (g 1 and g 2 ) represent predicted mean annual growth rates at λ 1 and λ 2 , respectively. The fifth parameter (b) has no simple biological meaning and '… may be thought of as describing curvature in the model …' (Francis 1995) . A derived parameter (c), is also presented here because, when raised to the power of 1/b, it is similar (but not biologically equivalent) to the asymptotic weight (W ∞ ) of von Bertalanffy-like growth functions (Francis 1995) . In the case of negative growth of larger individuals, c 1/b marks the point of zero growth, e.g. smaller individuals grow whereas larger ones shrink.
Results and discussion. AFLP analyses using 1 primer combination yielded individual DNA fingerprints for each Holothuria nobilis successfully amplified within each sampling period. The proportion of samples that were successfully amplified (79%) was smaller for samples obtained at the first time collection and which had been snapfrozen than in the second (87%) and third (100%) collections. Samples from later sampling periods were preserved in 100% ethanol and this appeared to improve amplification success (Table 1) .
Among the samples collected in November 2000, 27 had fingerprints identical to those observed in tissues collected during the previous time period (Table 1) . Similarly, 37 samples collected in May 2001 matched samples from November 2000, and 25 samples were the same as 1 yr prior to that. Based on the frequency of each band in the sample from the first time period, the probability of identity (P ID) is less than 0.01 (i.e. 0.007). Therefore, all individuals in the second and third samples with the same fingerprints as individuals from the first or second samples were accepted as being the same individuals.
Although variation is considerable, a large proportion (53 to 65%) of the weight in recaptured individuals can be predicted by the weight of the initial sample using Francis' growth model (Table 2 somewhat higher rates when modelled from data obtained between November and May. Individuals of 2.5 kg, however, were consistently predicted (Parameter g 2 : Table 2 ) to shrink more than 600g. The weight of zero growth was around 1.5 to 1.6 kg (c
, Table 2 ). The lack of small individuals in the dataset means it is impossible to predict the age of holothurians in the size range observed. However, even if small individuals grow 3 times as fast as predicted for 1 kg individuals recaptured after 1 yr in this study (81 g × 3 = 243 g), animals of 1 kg would be older that 4 yr. Using modal progression analysis, large individuals of other large holothurian species (with weights higher than 3 kg) have been estimated to be older than 10 yr (Conand 1989a) . The growth estimates obtained here for 1.0 kg holothurians are similar to those obtained in studies on smaller species -these ranged between 100 and 200 g yr -1 (Franklin 1980 , Chao et al. 1994 , Uthicke 1994 ). However, growth rates obtained here are low compared to those of other large holothurian species, which have been suggested to grow up to 450 g yr -1 (Conand 1989a ,b,c, Shelley 1985 .
The finding that the larger individual Holothuria nobilis consistently shrink was unexpected. It is known that holothurians shrink in aquaria (Conand 1983 , Shelley 1985 , Wiedemeyer 1992 , but this has never been reported of populations in situ. Negative growth has also been inferred for other echinoderms, such as echinoids by Ebert (1967) , who suggested that their size could be controlled by environmental conditions. It may be that the environmental conditions were not favourable in the year the present study was conducted. Alternatively, the number of holothurians transplanted to the study side may have been in excess of the carrying capacity of the habitat. Although densities were not measured, they were inferred to be within, albeit at the higher end of, the range naturally occurring on the GBR (Uthicke & Benzie 2000a, Uthicke unpubl. data) . Because the holothurians shrank most distinctly over the period of 1 yr, it appears unlikely that weight changes are caused by seasonal sexual reproduction such as changes in the gonado-somatic index. In either case, the shrinkage of large individuals 224 (Uthicke 1997 (Uthicke , 2001b . Holothurian fisheries are currently good examples of boom-and-bust fisheries. Recent drastic declines in catches and shifts towards less valuable species (Conand 2001) indicate that the boom period has reached its end in many Indo-Pacific countries. Hardly any juvenile or small (<1000 g) individuals were found during our study. The scarcity of juveniles is a common phenomenon in studies on holothurians (e.g. Uthicke 2001b ). This may indicate that recruitment of juveniles is very sporadic, which, in addition to the suggested slow growth rates would predict very slow recovery of overfished stocks. We have demonstrated that it is possible to recapture and identify a sufficient number of individuals to obtain growth rates for marine animals that are otherwise difficult to tag. It was not possible here to present complete growth curves because small individuals or new recruits were never observed. Complete growth curves will be developed over time and once data from several study areas become available. Apart from growth studies, we believe that similar studies with slightly different experimental designs will be possible in future to estimate migration rates, population size and recruitment. Given the high reliability and low effort involved in developing AFLP fingerprints relative to other markers such as microsatellites (Mueller & Wolfenbarger 1999) , the methods discussed here may prove a useful approach to increasing knowledge on the ecology of benthic animals. We are optimistic that application of this tool will allow improved management of bêche-de-mer and other invertebrate fisheries.
